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1. Introduction 
 
The replacement of the natural hip with artificial components is a well established 
procedure in orthopaedic medicine to alleviate pain from the diseased joint. The total hip 
replacement (THR) consists of a femoral component or stem and an acetabular cup. These 
are made as either one piece or modular designs. Modular femoral components have 
become popular among surgeons because neck length and offset can be adjusted intra-
operatively, providing increased versatility without any need for a large inventory. In 
addition, modular heads allow for mixed alloy systems such as the combination of a 
titanium alloy stem with a cobalt-chromium or ceramic head. 
Apart from the neck/head connection, there are femoral stem designs with extra areas of 
modularity. Examples of these prostheses are the S-ROM (Joint Medical Products, Stanford, 
Connecticut), the Infinity (Dow Corning Wright, Memphis, Tennessee), the RHMS (Smith-
Nephew Richards, Memphis, Tennessee), and PROFEMUR Hip System (Wright Cremascoli 
Ortho SA, France).  
A major drawback for all modular orthopaedic devices is that each modular component 
interface becomes a potential site for corrosion, wear, fretting and fatigue of mating surfaces 
(Collier et al., 1992; Manley & Serekian 1994; Hallab & Jacobs, 2003; Goldberg & Gilbert, 
2003; Hallab et al., 2004; Gilbert et al., 2009; Rodrigues et al., 2009). The products of these 
interface processes are believed to cause tissue reactions that lead to implant loosening and 
subsequent failure of the arthroplasty (Amstutz et al., 1992; Harris, 1994; Kraft et al., 2001; 
Goldberg et al., 2002). 
 Thus, to make implant designs successful in clinical applications, these concerns need to be 
adequately addressed during the design stage of the prosthesis in conjunction with the 
implant strength and integrity of the implant-host bone system. 
Types of failures often encountered in modular hip implants are dissociation, corrosion, 
wear; fretting and fatigue of mating metal surfaces (Goldberg et al., 2002, Sporer et al., 2006; 
Rodrigues et al., 2009). There are varieties of design and material factors that may influence 
the failure of specific components. The most significant of these is fretting because is almost 
impossible to prevent and in many cases may lead to other form of failures. 
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Fretting is defined as a wear mechanism that occurs at low amplitude, oscillating, sliding 
movement between two mechanically joined parts under load. There are varying 
descriptions of the magnitude of the motion associated with fretting, but it is generally 
defined as ranging from few to 50 μm (Mutoh, 1995). Given the magnitude of loading, all 
modular junctions of total hip prostheses can be susceptible to fretting wear. Other failures 
associated with fretting are fretting corrosion and fretting fatigue.  
Major concerns of fretting relate to the modular junctions with metal to metal contact 
surfaces. Even though fretting and associated problems of orthopaedic implants were 
recognized since late in 1960s and in 1970s (Cohen & Lunderbaum, 1968; Gruen & Amstutz, 
1975), the concern is ever increasing because orthopaedic surgeons and implant companies 
are interested in implants with more areas of modularity and actually produce different 
designs such as those mentioned above. Because these implants pose more mechanical 
joints, the possibility of fretting damage increases markedly -- especially in titanium alloy 
materials. Notable examples of fretting damage are those described by Hallab & Jacobs 
(2003) and Bobyn et al. (1993). 
Among the factors that promote fretting are the design characteristics of modular hip 
implants such as neck diameter, neck length and fabrication tolerances of the joined parts 
are particularly important. Looser manufacturing tolerances lead to smaller contact area, 
higher stress concentration, and higher interfacial motion. All are key factors in developing 
fretting wear. (Goldberg & Gilbert, 2003; Fessler & Fricker, 1989). Similar studies using FEA 
have been reported (Shareef & Levine, 1996; Kurtz et al., 2001).  
In this study, a generic modular-neck femoral stem design was assessed for relative motion 
at the Morse taper junction. Non-linear finite element analysis (FEA) was used. The research 
was carried out with the objective to study the effect of different fits of the Morse cone and 
surface conditions on the extent of the relative micromotion at the mating taper interfaces. 
 
2. Materials and Method 
 
A three dimensional (3-D) model of a generic hip stem system was created and analysed 
using a commercially available finite element (FE) software package: ANSYS software. The 
model was developed to simulate a modular hip implant system which consisted of a neck, 
part of the stem, and the interface between the two. Node to node contact elements were 
used to model the interface between two parts. These are non-linear elements; therefore, the 
finite element problem required a non-linear analysis. The nonlinearity of the model was 
based on the contact aspect only. The model was made to represent a hip stem of simple 
shape that could be manufactured in a good quality machine shop. 
 
2.1 Finite element model generation 
The outline of the stem was developed using keypoints and lines based on the dimensions 
of the PCA No. 5 hip prosthesis, but was simplified by leaving out the rounded corners and 
slight curvatures. As these simplified surfaces were relatively far away form the modular 
interface, the simplification would not affect the results. This also facilitated model changes 
during the analysis. 
The model was meshed using all hexahedral (brick) volume structural element (SOLID45). 
A fine mesh was used around the tapered hole at the proximal end of the stem and a coarser 
mesh was used for regions distant from the hole and for the distal section of the stem. 
 
Constraint equations were used to tie together the finer proximal and coarser distal mesh 
regions of the stem as indicated in Figure 1 that shows the final FE mesh used in analyses. 
The techniques that were employed to determine the extent of mesh refinement in the 
present work was to perform initial analysis with an assumed “reasonable” mesh. Then, the 
problem was re-analysed using finer mesh in critical regions, and the two solutions were 
compared. This process was repeated until the optimum mesh was obtained. A very fine 
mesh would have improved the results further but could take longer to run than it was 
feasible. The choice of the optimum mesh was based on both accuracy and solution run 
time. Further validation of results of this model was performed using experimental stress 
analysis as indicated in Figure 2. 
 
 Fig. 1. (a) Meshed stem and neck. Only one half of the stem was modeled using symmetry 
constraints along the sagittal plane that divides the stem into two halves.  
(b) Model alignment with respect to load. This arrangement was used for both FEA and 
experimental stress analysis. 
 
2.2 Neck-stem contact definition 
To simulate the neck-stem interface, the 3D node-to-node contact elements (CONTAC52) 
were used. These elements were used to represent two surfaces which could maintain or 
break physical contact and could slide relative to each other. 
For successful contact problem, several contact element properties and options needed to be 
carefully selected. These properties include geometric input data, normal stiffness (KN), 
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sticking stiffness (KS) and coefficient of friction. Geometric input is controlled by the mesh 
of contacting bodies. User defined options include specifying the type of friction model 
(elastic or rigid Coulomb fiction) and the contact time prediction control. In the 
determination of KN and KS, guidelines in the ANSYS reference manuals were followed so 
that the risk of numerical difficulties or slow convergence during the solution phase of the 
analysis could be minimized. Normal stiffness, KN, was determined based upon the 
stiffness of the surfaces in contact. KN had to be large enough that it could, reasonably, 
restrain the model from over-penetration, yet it had to be not so large that it could cause ill-
conditioning of the stiffness matrix. 
  
Similarly, a suitable value for KS which would avoid numerical instability or excessive run 
times had to be determined. The default setting in ANSYS is KS = KN. Lower values reduce 
the run time. Value used were KN = 100*E and KS = 0.01*KN; after being tried and found to 
reduce the run time without affecting the stress and micromotion results. Elastic Coulomb 
friction was used because practical fretting couples exhibit dual micromotion regimes, 
normally referred to as elastic regime and gross slip regime (Zhou and Vicent, 1995; 
Mohrbacher et al., 1995). The values for the coefficient friction () used in various analyses 
models were based on expermental measurements reported by Fessler and Fricker (1989) 
and the data from Budinski (1991). 
 
Anterior side:  
three-element rosettes 
Posterior side:  
single-element gauges 
z - direction 
8 
7 
1 
2 
3 
4 
5 
6 
x - direction 
Fig. 2. Strain gauges installation. Two 3-element 45° staked rosettes and two single 
elements gauges were used. Numbers 1 to 8 represent gauge elements. Gauge elements 1, 
4, 7, and 8 are aligned along the direction of principal stresses during the assemble 
loading. 
 
2.3 Angular mismatch 
Three model cases were developed to simulate three possible scenarios which could be 
realised when assembling stem and neck. The three cases defined in Figure 3 are: 
 i) No or zero angular mismatch 
ii) Positive angular mismatch 
iii) Negative angular mismatch 
 
Tolerances of -2 to +2 minutes for the male taper were used, thus producing a maximum 
angular interference and clearance of 2 minutes. These tolerances are within the limits 
obtained by manufacturers. Design specifications for a particular manufacturer were 6° ±2 
min. for female tapers and 5° 58' ±1 min. for male tapers. (Naesguthe, 1997).  
 
 
 
Fig. 3. Definition of mismatch cases used in FE analysis. Angular mismatch between the 
neck and the stem was achieved by changing cone angle of the neck by two minutes. 
 
2.4 Boundary conditions and loading 
Boundary conditions for finite element analysis and load application were set as in the 
experiment to determine the endurance properties of femoral stem of hip prostheses 
according to the ISO standard (ISO 7206-4: 1989 (E)). The angle between the load line and 
anatomical axis of the femur was set to be 10° when viewed perpendicular to the plane that 
includes the stem and the neck (Figure 1). Boundary conditions were established such that 
the finite element nodes at the bottom of the stem were constrained in all degrees of 
freedom (d.o.f). Only one half of the stem was modelled using symmetry constraints along 
the plane that divides the stem into two halves, (see Figure 1). The half-stem model ignored 
out-of-plane loads but was sufficient and was able to satisfy the purpose of the analysis. 
i) 0 mismatch 
 s 
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 n  =  cone angle of the neck 
 s  =  cone angle of the stem 
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Model loading was applied in six steps: 
Step 1: A load was applied at the top and along the axis of the neck, as shown 
diagrammatically in Figure 1(b). This was termed an “assembly load”; it was applied to 
simulate the force a surgeon would use when inserting the neck into the stem hole during 
the operation. 
Step 2: The assembly load was removed. 
Step 3: A load was applied at the same point as in Step 1, but at an angle of 10° from 
longitudinal axis of the stem, as shown in Figure 1(b). This was termed a “functional load”; 
it was applied to simulate the force that would be applied to the implant during walking. 
Step 4: The functional load was removed. 
Step 5: The functional load was re-applied. 
Step 6: The functional load was removed. 
 
Five ‘Load schemes’ code-named ‘First’, ‘Second’, ‘Third’, ‘Fourth’ and ‘Fifth’ were used in 
various analyses. The magnitudes of the assembly and functional loads used in these ‘Load 
schemes’ are shown in Table I. The assembly loads were used in FE models to represent 
three possible cases of moderate, high and no tapping loads, respectively. The function 
loads were used to represent possible physiological loads as reported in the literature 
(Bergmann, et al. 1993; Viceconti et al., 1996) 
Table 1. Assembly and Functional loads used in FE analysis 
 
3. Results and Discussion 
 
3.1 Validation Results 
Experimental stress analysis was performed for the purpose of validating FE results. It was 
sufficient to measure stresses only instead of both stress and micromotion because, 
theoretically, in finite element analysis, stresses are calculated from the primary 
displacement values. For instance, the press-fit stresses resulting from the application of 
assembly load were determined from the amount of interference at the neck-stem interface 
which in turn is determined from how much the neck moved relative to the stem. Therefore, 
if the stresses were proved valid, so would be the displacements from which the stresses 
were calculated. In this case, no relative micromotion was measured experimentally. Graphs 
that compare experimental with numerical results of the FE model show a good agreement 
on the two sets of results. These are shown in Figure 4 and 5 for stress prediction during 
Designation of the 
loading scheme 
Magnitude of the 
Assembly load (N) 
Magnitude of the 
Functional load (N) 
First 3114  5500 (7.5 x BW*) 
Second 5500 3114 (4 x BW) 
Third 5500 2000 (3 x BW) 
Fourth 3114 2000  
Fifth 0 2000 
 
*BW = Body weight of average person of 75 kg. 
 
 
assembly and functional loading, respectively. The differences between stress values 
obtained from strain gauges and stress values predicted by FE model were within 10% 
which is considered acceptable. 
 Fig. 4. Experimental and numerical stress values under assebly loading showing readings of 
gauges 1, 4, 7 and 8. The induced stresses at these gauge locations were mainly 
unidirectional (along x- direction). 
 
3.2 Micromotion results in three angular mismatch cases 
Figure 6 shows the relative micromotion of the First load scheme at a medio-proximal point 
(B) of the neck-stem interface for three mismatch cases. The selected point was characterised 
with the highest micromotion during the load cycle as shown in Figure 7. It was also a point 
of highest stress during the functional load. In this regard, the selected point was critical in 
terms of potential surface failure due to fretting and other surface degradation mechanisms. 
  
At any particular instant during the loading of the implant system, the relative micromotion 
at the stem-neck interface was a result of a free body displacement of the neck or an elastic 
deformation of the neck and the stem, or the combination of the two. In all cases, application 
of the assembly load caused a non-recoverable relative micromotion between the neck and 
stem. This micromotion is termed non-recoverable because upon the removal of the 
assembly load, the neck did not move back to its initial position. 
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 Fig. 5. Experimental and numerical stress values under functional loading. Since the stress 
state was multi-axial, the experimental results plotted are those from the rosettes only. 
 
The interfacial micromotion observed during the application of the functional load was 
mainly due to elastic deformation of the parts. This observation can be justified from the fact 
that in models that had the assembly load of 5500 N, the micromotion was fully reversed 
upon the removal of the load (Figure 8). 
 
 Fig. 6. Relative micromotion at the neck-stem interface for three mismatch cases at proximal 
medial point which experience highest relative motion. 
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Fig. 7. Variation of micromotion along the contact area. Highest micromotion is observed at 
point B indicated in Figure 1 (a). 
 
 
Fig. 8. Relative interface micromtion during two functional load cycles for three mismatch 
cases – Second load scheme (load steps 3 to 6). 
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 Fig. 5. Experimental and numerical stress values under functional loading. Since the stress 
state was multi-axial, the experimental results plotted are those from the rosettes only. 
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mainly due to elastic deformation of the parts. This observation can be justified from the fact 
that in models that had the assembly load of 5500 N, the micromotion was fully reversed 
upon the removal of the load (Figure 8). 
 
 Fig. 6. Relative micromotion at the neck-stem interface for three mismatch cases at proximal 
medial point which experience highest relative motion. 
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Fig. 7. Variation of micromotion along the contact area. Highest micromotion is observed at 
point B indicated in Figure 1 (a). 
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cycles of functional loading and unloading resulted in repeated patterns of relative 
micromotion. This is clearly demonstrated in Figure 8 for micromotion variation curves for 
the Second loading scheme in two functional load cycles. 
 
3.3 Results of other analysis models 
Two models with zero angular mismatches were used to study the effect of the coefficient of 
friction and the magnitude of assembly load on variation of relative micromotion at the 
neck/stem mating surfaces. Figure 9 and 10, respectively, show the effects of coefficient of 
friction and assembly load on the neck-stem interface micromotion. The change of 
coefficient of friction had the greater effect on the reversible micromotion that occurred 
during the functional load cycle as shown in Figure 10. The increase in coefficient of friction 
from  = 0.2 to  = 0.5 had reduced the reversible micromotion from 50 m to about 30 m. 
Also, the magnitude of the assembly load affected the amount of micromotion caused by the 
subsequent functional load. Low assembly load resulted in highest micromotion as shown 
in Figure 10. 
  
Fig. 9. Effect of coefficient of friction on the interface micromotion under assembly and 
functional load (load steps 1 to 4). 
 
3.4 Model behaviour during the assembly load 
The results of this study show that the magnitudes of the relative one time micromotion and 
reversible micromotion due to functional load depended on factors such as the magnitude 
of assembly force, coefficient of friction and the amount of angular mismatch between the 
male and female tapers. 
 
The assembly load is used to achieve initial stability of the modular connection. A high 
assembly load is desirable in producing enough taper lock to prevent the neck from having 
further rigid body movement during the functional loading. This finding is consistent with 
the experimental study by Mroczkowski et al. ( 2006). 
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An extreme case of high interference is when the conical parts are pre-assembled as a shrink 
fit. This may result in considerable decrease in interfacial relative micromotion. Published 
experimental and retrieval data have indicated the absence of fretting damage in such press-
fit situations (Brown et al., 1995; Mroczkowski et al., 2006). 
 
Modular surfaces in real components are more complicated than they could practically be 
represented in FE models. Surface imperfections in real components will cause local 
yielding which will reduce the amount of mismatch when modular parts are assembled 
(Naesguthe, 1998). Material nonlinearity due to localized plastic deformation of surfaces 
was not included in the FE model. Therefore, the overall numerical micromotion predictions 
were likely to be higher than the values that would be obtained in real components. 
 
  
Fig. 10. Effect of assembly load on micromtion due to functional load. Third, Fourth and 
Fifth load schemes (load steps 3 to 6). 
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Maximizing the value of  is beneficial in reducing conditions that promote fretting and 
fretting fatigue. The coefficient of friction has significant importance in actual performance 
of modular junction. Since, the interface micromotion is influenced by the load applied to 
the connected components of the modular hip stem; high friction surface is desirable to 
minimize interfacial relative motion. 
 
3.6 Effects of angular mismatch 
Zero angular mismatch is not the best and yields more micromotion. In determining the 
optimum angular tolerances, the individual case has to be judged based on its loading 
arrangement. For the modular neck hip prosthesis used in the present work, a positive 
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cycles of functional loading and unloading resulted in repeated patterns of relative 
micromotion. This is clearly demonstrated in Figure 8 for micromotion variation curves for 
the Second loading scheme in two functional load cycles. 
 
3.3 Results of other analysis models 
Two models with zero angular mismatches were used to study the effect of the coefficient of 
friction and the magnitude of assembly load on variation of relative micromotion at the 
neck/stem mating surfaces. Figure 9 and 10, respectively, show the effects of coefficient of 
friction and assembly load on the neck-stem interface micromotion. The change of 
coefficient of friction had the greater effect on the reversible micromotion that occurred 
during the functional load cycle as shown in Figure 10. The increase in coefficient of friction 
from  = 0.2 to  = 0.5 had reduced the reversible micromotion from 50 m to about 30 m. 
Also, the magnitude of the assembly load affected the amount of micromotion caused by the 
subsequent functional load. Low assembly load resulted in highest micromotion as shown 
in Figure 10. 
  
Fig. 9. Effect of coefficient of friction on the interface micromotion under assembly and 
functional load (load steps 1 to 4). 
 
3.4 Model behaviour during the assembly load 
The results of this study show that the magnitudes of the relative one time micromotion and 
reversible micromotion due to functional load depended on factors such as the magnitude 
of assembly force, coefficient of friction and the amount of angular mismatch between the 
male and female tapers. 
 
The assembly load is used to achieve initial stability of the modular connection. A high 
assembly load is desirable in producing enough taper lock to prevent the neck from having 
further rigid body movement during the functional loading. This finding is consistent with 
the experimental study by Mroczkowski et al. ( 2006). 
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An extreme case of high interference is when the conical parts are pre-assembled as a shrink 
fit. This may result in considerable decrease in interfacial relative micromotion. Published 
experimental and retrieval data have indicated the absence of fretting damage in such press-
fit situations (Brown et al., 1995; Mroczkowski et al., 2006). 
 
Modular surfaces in real components are more complicated than they could practically be 
represented in FE models. Surface imperfections in real components will cause local 
yielding which will reduce the amount of mismatch when modular parts are assembled 
(Naesguthe, 1998). Material nonlinearity due to localized plastic deformation of surfaces 
was not included in the FE model. Therefore, the overall numerical micromotion predictions 
were likely to be higher than the values that would be obtained in real components. 
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Fifth load schemes (load steps 3 to 6). 
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mismatch is the optimum choice. The degree of mismatch should be limited to keep 
allowable stresses within the safe limits below the fatigue strength of the implant material. 
 
Fatigue, fretting and corrosion: Model results have shown that application of a functional 
load results in relative interface micromotion which varies in magnitudes according to the 
nature of the modular connection, the surface properties, and the magnitude of both the 
assembly and functional load. The key parameter to fretting is slip amplitude which is 
defined as the peak-to-peak amplitude of the relative reversible micro-movement of the 
surfaces (Mohrbacher  et al., 1995; Waterhouse, 1992).  
 
In normal and fast walking, the load on the implant ranges from about 3 to 4 times body 
weight (Bergmann, et al., 1993). Even if the stress level on the component at these loads is 
lower than the failure values, the existence of relative micromotion at the modular interface 
may put the implant at a risk of fretting and fretting fatigue. Microscopic relative movement 
between mating surfaces of levels, as low as 0.125 m or 3 m, has been found sufficient to 
produce fretting debris (Mohrbacher  et al., 1995; Waterhouse, 1992). The lowest slip range 
predicted in our models is higher than the above values. Fretting is therefore inevitable 
under predicted levels of reversible micromotion. Furthermore, in a surface micromotion 
characterised with sticking and sliding regimes, cyclic contact stresses can cause the 
formation of microcracks (Zhou & Vincent, 1997), which can lower the fatigue limit of the 
component by about 50% (Broszeit et al., 1985). 
 
As shown in Figure 7 highest sliding micromotion occurs at medio-proximal location of the 
stem. This observation is consistent with findings reported by Viceconti et al. (1998). They 
observed repetitive parallel scars with an average length of 30-45 m in specimens that were 
loaded at 300-3300 N. Our micromotion prediction at a functional load of 0-3114 N ranged 
between 13-41 m. 
 
Since the micromotion is inevitable, the only option available to minimize the fretting 
damage is to apply suitable fretting palliatives, as suggested by Beard (1988), that will 
reduce micromotion between mating surfaces. Even if the decrease of micromotion is 
apparently small, it can still have substantial effect in reducing fretting. Experimental data 
suggest that the specific wear rate (volume lost per unit load per unit sliding distance) varies 
as a function of the slip amplitude raised to the power of 2 to 4 (Beard, 1988). 
 
4. Conclusion 
 
A three dimensional, non-linear finite element model was used to analyse relative 
micromotion of the modular hip implant at the junction between the neck and the stem. 
Functional, design, surface and manufacturing features that can affect micromotion in the 
modular junction of hip implant were studied. From the results and discussions that 
followed, the conclusions are: 
o A high assembly load reduces the magnitude of stress and micromotion fluctuations 
during ambulation, predicting lower fretting and fretting fatigue damage, hence, 
improved service life. Therefore, during operation, orthopaedic surgeons should aim at 
an assembly load of 6000 N or higher. The force to be used should be higher than the 
largest anticipated ambulatory load 
 
 
o High friction at the modular interface with the coefficients of friction well above 0.5 up 
to complete binding between the surfaces is desirable in order to reduce the amount of 
relative micromotion at the modular mating surfcaes. 
 
o In the modular neck stem, a positive mismatch is the best. This means a cone angle of 
the neck 2 minutes above the female taper on the stem. Our model showed low relative 
interfacial micromotion in the stem-neck connection with positive angular interference. 
It is therefore assumed that fretting damage of the modular interfaces can be minimized 
by a proper control of manufacturing angular tolerances of the mating parts. 
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mismatch is the optimum choice. The degree of mismatch should be limited to keep 
allowable stresses within the safe limits below the fatigue strength of the implant material. 
 
Fatigue, fretting and corrosion: Model results have shown that application of a functional 
load results in relative interface micromotion which varies in magnitudes according to the 
nature of the modular connection, the surface properties, and the magnitude of both the 
assembly and functional load. The key parameter to fretting is slip amplitude which is 
defined as the peak-to-peak amplitude of the relative reversible micro-movement of the 
surfaces (Mohrbacher  et al., 1995; Waterhouse, 1992).  
 
In normal and fast walking, the load on the implant ranges from about 3 to 4 times body 
weight (Bergmann, et al., 1993). Even if the stress level on the component at these loads is 
lower than the failure values, the existence of relative micromotion at the modular interface 
may put the implant at a risk of fretting and fretting fatigue. Microscopic relative movement 
between mating surfaces of levels, as low as 0.125 m or 3 m, has been found sufficient to 
produce fretting debris (Mohrbacher  et al., 1995; Waterhouse, 1992). The lowest slip range 
predicted in our models is higher than the above values. Fretting is therefore inevitable 
under predicted levels of reversible micromotion. Furthermore, in a surface micromotion 
characterised with sticking and sliding regimes, cyclic contact stresses can cause the 
formation of microcracks (Zhou & Vincent, 1997), which can lower the fatigue limit of the 
component by about 50% (Broszeit et al., 1985). 
 
As shown in Figure 7 highest sliding micromotion occurs at medio-proximal location of the 
stem. This observation is consistent with findings reported by Viceconti et al. (1998). They 
observed repetitive parallel scars with an average length of 30-45 m in specimens that were 
loaded at 300-3300 N. Our micromotion prediction at a functional load of 0-3114 N ranged 
between 13-41 m. 
 
Since the micromotion is inevitable, the only option available to minimize the fretting 
damage is to apply suitable fretting palliatives, as suggested by Beard (1988), that will 
reduce micromotion between mating surfaces. Even if the decrease of micromotion is 
apparently small, it can still have substantial effect in reducing fretting. Experimental data 
suggest that the specific wear rate (volume lost per unit load per unit sliding distance) varies 
as a function of the slip amplitude raised to the power of 2 to 4 (Beard, 1988). 
 
4. Conclusion 
 
A three dimensional, non-linear finite element model was used to analyse relative 
micromotion of the modular hip implant at the junction between the neck and the stem. 
Functional, design, surface and manufacturing features that can affect micromotion in the 
modular junction of hip implant were studied. From the results and discussions that 
followed, the conclusions are: 
o A high assembly load reduces the magnitude of stress and micromotion fluctuations 
during ambulation, predicting lower fretting and fretting fatigue damage, hence, 
improved service life. Therefore, during operation, orthopaedic surgeons should aim at 
an assembly load of 6000 N or higher. The force to be used should be higher than the 
largest anticipated ambulatory load 
 
 
o High friction at the modular interface with the coefficients of friction well above 0.5 up 
to complete binding between the surfaces is desirable in order to reduce the amount of 
relative micromotion at the modular mating surfcaes. 
 
o In the modular neck stem, a positive mismatch is the best. This means a cone angle of 
the neck 2 minutes above the female taper on the stem. Our model showed low relative 
interfacial micromotion in the stem-neck connection with positive angular interference. 
It is therefore assumed that fretting damage of the modular interfaces can be minimized 
by a proper control of manufacturing angular tolerances of the mating parts. 
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